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WHLA3C IS CLAIMED IS ; 
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; : A catoptric pro jectiion; optical system f or ' 

projecting a reduced oizc of a pittorn. on an object J \ ' 
surface onto an. image surface:, said -calvptrlti; 
projecti on npti irra I vAysliem comprising six mirrors ;that . 
includc ci first v convex. mirror, a second mirror," a third 
mirror/;: a fourth m 

mirror in order of reflections of light, 

wherein the light inrtiri^nt- upon the third 
mirror ; from the 3CCond mirror intorsectB with ( > t he light - 
iricideriL .upuu the filth 'mirror from t-Ke fourth mirror. 



* 2- A: catoptric prbjectijon ^ysterti ^ceordirv^ to- 

15 . claim 1, said catoptric; projection system forma: an 

intermediate image between the second mirror <iiiU the 
thircl mirror on. an optical path . 



3. ? A caLupLrlc: projection optical: -system 
2(1 according to claim 1, wherein t^ne second mirror is 
Ideated at a position; of an aperture stop. 



.4. 



A catopttic prbiectibn optical yyat^u- 
according to r-.l aim T, whe.rein the numerical aperture is ^ 
2$ - greater than Q • 2 ♦ 



■ v ; : 
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' . 5.. v v A cdLopLric piujecLiori. bptical' sy^t^ia ;.y 

accords h, ; : wherein tsiie six mirrors - form a = 

v coaxial system. t - 

5 6. a catoptric projection optical system 

accorcjl "0 to rlaim 1, wHfirfti n ;=it -'T-Ra-rt*-.) nrifi of +• h a 5?i x 

mirrorq arc aophciic mirroro including a multilayer 

coating that reflect light having a wavelength of 2 0 nm a 

or smaller. ^ .; . ,. ' . ' ... ■ 

16 - ■■' • ^/'V-A;;' ; . .■ , -V; -V . ? - ■ ■ \ V '• . : > : >\ : ^S'\ r Y~-; 

7;.>.. ; ; .; A catoptric projection optical system 
aeeordixiq Lo claim 1, wherein all o£\ Lhe si* juarrois 
are ^hpriri tni rrorfi inr.inding a tnu I ti I ayer coat i ng 
that: reflect light having a wavelength of 2-0 niri or 



8. A catoptric projection optical system 



v 2a 



•C;2S/r 



according to claim 1; wherein the light hao a 
wavelength, p£ 2Q xuu oi smaller. 



9. A catoptric projection optical system' 
according to claim 1, wherein said catoptric projection 
Optical system, is telecentrlc at a side of the image 



10-; i\, cct tup tile pfujauLloii optical system 
^cc^r^ng to: claji l, wherein: a reflection- mask is : 
arranged on the object surfacQ. 1 ; ; " : 

•5 i i <? A catoptriG projection optical, system .'. \". 

comprising plural reflect ivr iurfrjrfts and projecting a 
* reduced size- 6f a pattern on an ob j oct " buriacd onto = ah ^ 
:' ! iiudye ^^I^ce : ;b^ reflectirtij light f-r&m the patteirii. \bnv>V\ " 
i the pltiral reflective surtaces, \ v 
10 .wherein said .catoptric projection optical 

-system, has a numerical aperture of 0.2 or greater/ and 
forms an intermediate lmaqe betwetui the ubjegt suifdctf 
and the image ^rirfar.A on optical path; ' 
y wherein LMS / Ll>2 > 1 and LW / L12 > 1 are 

15 me t> wlittifc} L12 is an interval between a first 

reflective surface^ upon which the light from the 
pattern first is incident, and a second reflective, 
. 'surface a3 a surface, upon; which the Light from the: 
pattern is incident siibsequent to the fi^st it^fleutlve 
v?U surface, LMS, is an interval between the object surface 
ancjl a reflective surface closest to the object surf ace 
' and-LW \ie> an interval between a rear surface of a final 
reflective surface in said catoptric projection optical 
system and a reflective snrf^m rlnsR^t to thP r^.ar \ 
25 surface of the final reflective bur face • 
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12> : ;A catoptric iprbjectioxi optical system .='.•■ ". 

.according v to. claim 11, wherein; a displacement direction 
of a principal ray viewed from an optical ^axis from the 
fir3t mirror to the 3econd mirror is reverse to that, 

from the third mirror to the sixth mirror* 
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13- A catoptric projection optical 1 system 
according to Claim 11 .,; wherein liSM / 1,12 < 3 and 1*W / 

JU12 < 2j are met . ■ '■■ : 

14- A catoptric pro jeet ion optical oyotcm > 



auuuj.diny tu cldiia; 11, wheiein 1.3 < LSM / L12 < 3 axid 



■■/:. 



15 15 . A catoptric projection optical, system 

according to claim ll, wherein said catoptric :• 
projection optical system includes a first convex 
,. mirror^ a,'pccbiid mirror; a third mirror^ a fourth 

iuXiiut r d f ilth AdLioi r and d aixth itiiixui , j^ii vuiUtti: Of 

20; reflections of the? light $ ? £ rem the object surface Wo the 



e " surface; 



16., a catoptric prelection optical system 



" a^ofdtng Vo claim 11, 'wbe*rfcin a rf»f I ^ct i vp surfariA 
2 5 cioccct to^ the object, curf aac io tho docohd rofloctivo 
/ t surface, and a .reflective surface closest to driii at' the 



■ / - " 



side of a lieai surface of the final : xiaf lecLivy suildce. 
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17- A catoptric projection opt i calr 3 y a t em = 
to claim 11, wherein said catoptric 
pro j eoti on npt-rr:a 1 ^y^-h^.m/ i nrlndfts si x Tni rrors that 
includo a first convpx mirror, a oocond mirror, a third 
mirror, a f oiirth ^mir ror , a fifth mirror, and a sixth 
mirror in order of reflections of light from the object 
surface -to the image surf ace. ... •: 



18- A caiyytxiu .^iaj;gt-Lioa opUiOalv y y^tem fox 
a reduced si7.e of a pattern on an object 
surface onto an image surface, said catoptric 
15 projection: optical system comprising six mirrors that 
• include, from the object surface to the image surface, 

a first mirror, a second mirror, a third rdirror, a 
- , fourth mirror, a -fifth mirror, and a oixth mirror in 
• uiUei, pf leritiutioiiy uf liyliL; ,■ • •., t 

" >V ; v { i^V-'\-: :^ ' w ^?5 e ^ " ^if^t inirror ;has ^ : coh^ -or; >-Y; 
{^/■^ipl^^ z':;-[: :: :^l '•\//;r.-v • . '.: ; ; \ Vf;. h : 

• wlierein an intermediate, image is formed from 

^ the second mirror to the fourth mirror on an optical 

.^■pa1>h ; ."\^^ ••fi-; : - ' ' : V^:^:"'."' S "■ ^1v : .;./> ;: ? /V.; ^•■^ . '. 

; /' - 19 * , A catoptric projection optical system s 

to claim 18, wherein an intermediate image is 
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^orrrt-ed from the tfcird -mi'irrcir ' to tile fourth mxxroi.. pi* /an ■ ,V 
optical path^ ". .. ; '■ ^ a 



2X)y A catoptric projebtioii; optical : system \ ^ 
raccorgliriqf tp 'cralm AlS^ wherein said Gacopcric : ■ / 
projection opticai ays^eni I s nofi^tft I eriA^ntri r at ;W si de 
of object surface. ^ 



j , / ;A ;<^tbptric ^ro^ectiqn Optical system / • 

i;0 ar.C-ord inrj to rvl a im 1 8 / whA^ein said catoptric . 

projection optical oyotQia; inqludco r in o^dcr from the 
object surface t o it he image 6Uirdce r a secjemd iiiirror, a 
first mirror, a tourth mirror, a sixth, mirror, a third j 
. mirrbr^ and a fifth mirror, v ■ 
1$ Wherein the intermediate image, 15. formed 

between the fourth mirror^ and the tWrd^ittlrror. 



22. A. catoptric projection optical oyctdm 
according to claim 51^ ^h^iein dii iiiLeiiuediaLe image, is 1 



4: 20 formed from the sepond mirror 1 to the third mirror on an 



23/ A catoptric projection optical system . • 
v , adpording to claim XB, wherei n -f?aid rsatoptri ^ ' ■■ . x -J • 



25 projection ' optical system includes, ih order from the 
. object surface to the image surface, a second mixxoi/ a 

first f mirror r a sixth mxrrbr, a f ourth mirroirv a third 



... 7 
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- ttiirirbr./: arid a fifth mirror, wherein the iiiLeixuediaUe 
/ image Is. formed between the sixth mirror and the third 
X V mirror. s 

V ?- t • 24 • A catoptric projection optical system 

according to ciaitn 1H /: wherein an 1 -h1*^nnriedt ate itnagW is 
f ornxed from the sixth mirror -to tho fourth mirror : . i 

25 . A catoptric projection optical system 
10 according t-ih claim 18, Wherein said catoptric 

projection -optical system includes/ in, order from the 
v * object surface to the image buxlduy, ci yegoad mirror , a 

i -f irst < mirror, a fourth mirror, a third mi rror, a <n xth 

mirror, arid a fifth mirror, wherein the intermediate 
' 15 image is formed' between the fourth mirror and the thiid 



* • ' "* '■'.' •■ v - 



•V: 



projecting a reduced size of d' pciLLern on an ob ) ect 
20 : surface onto an image, Surface, said catoptric < t ^ C ; 

\ Projection optical system comprising siat mirrors that <•. . 
, • include, frpm the object surface to the iitiage surf&ce, r 

a fix at convex or plane mirror, a second mirror/ a 
- " third convex or plane mi rror, A fourth mirror, > fifth " 
. 25 '•' mirror,/ and Ca sixth mirror in order of ro fleet ionb of ' y V 



7*1 
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' ^yrlier.elh - anV 'iii1.e^meUici L^:./X^tt^y t^.'. ; ls foi'iueci from 
the •setorid # W%rc>t r *t:qr^e\ •ch^d^rairror. oh an optical • ■ 
path.* . ' \\:\ : - ■■ ■. ; \"/ ■ : •, • 



27V Jin exposure apparatus comprising;': f: ' ; 
; arv Vy 1 1 iifhi nafifhn ojr>l-i cal' s^stern f 6>: - : - 

•^a ; pattern of. a map k with light rem: a/ 
S'OurGe;* -and-'. . V'x «. ,' : - y-\ ■ . *■*. ;; 

' : a catoptric projection optical ^system ±ar 

i n ; projecting a reduced size of 'the' pattern on an- object L 

purfacc onto an image 3urface r said catoptric 
x projection opLiuqil system uuiuprisxjiq six mirrors that 
\ include a tirat convex mirror, a second mi rrcvr, a thi rd 

mirror, a fourth mirror, a fifth mirror, and a sixth 
15 mirror in ordpr of reflections of light, wherein -Lh« / 
: liqht incident upon the third mirror from the second 
""A mirror intersects with tho light incident upon the 
fifth mirror from the fourth mirror. 



..Vv 



20, 



•:. 28. 



a device fabricating method comprising the 



^25;: 



steps'. :of-;vV / . ; ■ ■• • . - 'r^X - - - ; . : '■*•.': .;: ?y: 

cxpoaing an object using an exposure 

apparatus ; and ■ ■ v' . \ y y;/ ■ "' •' . / ; . * > 

developi ng thA ohjftrst th^t ha^s b^eti expdsed, 
whoroin roaid oxpoourc apparoituo inclucles : ^ v 



■.5 '•' - 
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V:.' : '; ; : '• - an illtmliiatiibn optical system for >■ ■ 

\. ^Xlu^narlriq ^ patter^ of- a .itiasJcf with light from a X. • ^ / " 

light source; arid 

, :\ a catoptric projcctiQn optical system for . " , 

5 pic^jeciinq. d reduced aize of the. pattern on the ofcject V 
-.). surface onto an image surtacey .said catoptric: 

projection optical- system comprising six mirrors vthat ' \ 
/include a first convex mirror > a second mirror/, a third 
v mirror, a fourth mirror, a fifth mirror, and; £ sixth: 
1U mirror „in order of ref IftntiDnft nf 1 i gh f , where i n the 
■;h J light incident upon tho third. mirror, frdin the ocoond J. 
mirror intersects with the- incident upon the y . 

■> fifth mirror from . J 

, IB 29. An exposure apparatus comprising ; 

an. ill umina Lion optical system for 
' * iilionunating^a pattern of * m^sk with light from; a ; >- V 

S^urc^; '.arid V:" :,; '- : .- ■ : . > -V .. -■■ \'V ."..-V--" .< " ' v '-^4 



-ric projection optical ^ysLexii 
.20 comprising plural reflective surfaces and projecting a - 
' reduced size of a pattern on an ob j ect surface onto an * 
. ■■■ image surface by r of Idcting light from the pattern on 

> -y the piuidtl i^rieouive aurfaees, wherein, said catopcric 
• ; projection optical system has a numerical aperfnre of 

25 - ,0-2 or greater, and forms an. intermediate imago Jbotwoon 
f the object surface and the ima%e surface on an optical 
{ • path/ wherein lms / L12 > l and iw. / L12 > 1 are met/ 



•' v v it: 



u ' v. ; 
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; . " ^here L12 is ail inteival ; between a f ii^t/ref lectiye 

surface, upon which the t light: from the pattern first is 
• v -incident and , a second lective surf ace as : a^surfac^, 
.-V Vuppri ;;yhich'. th^ light from the' pattern . ia incident ■ 'y ^ } 
5 subsequent to the first reflective surface, lms is an 
; • • ■. t n t^-^ia/l: "'• hftt.WRtfi?: 'tVu* l / oh'j*^;*-;"Rn rta r.W . arid :V^1£rit-3-w/V'" . : 
^surface clocoot to the object surface, and LW is an . > 

interval between a rear surface of a final reflective ') 
surface in said catoptric projection optical system, and. 
10 S£. ^reflective surface closest to the rear surface of the , 
final reflective surface, 

'' 7 T M)y A device fabricating method comprising the 

of 2 - v""; . ':=.'■ v 0 * ' ; V — ^. ''^ i ■i'V : "-V7' 1 " 1 ^ 

15 exposing an object using an exposure 

Vy:. apparatus-;- ' and , ; V. v --' ' " *. ~jV S "■ "v'CX'^' : 

developing the object that has been exposed^ 
; whorcin £3 a id exposure apparatus includes : 
an illutulxiaLiun opLiCcil s.y&>Leiu ,£ujl 
2Q\ illuminating a pattern of a. mask with light from a 
source; and ' ; 



■* . . . .. - 



V 



y a catoptric projection optical 3yotcm > 
qomprislnqf plural reflective surfaces and pro1ectlnq ( ra r < 

~" reduced si sre of a £atte*rri on an object stir tar.e ohto ^n ^ 
25 imago surf aco by reflecting light from the .pattern on 
■■». the plural -ref lective surfaces, Wherein said catoptric 



-3 '; v 



projection optical system has a numerical. aperture -of 
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. 0> 2; or. qre'after^ ahjd UCOiwy dii v intermedia Le imag e ■ bfe We*** - 
the object surtace and the image surface on an optical 
path, wherein IMS / 1,12 > 1 ^n<J LW / L12 > 1 are vjtet, 
where. L12 is an interval between a first reflective 
5 surface, upon which, the light, from the patter^ first is 
incident , and a second reflective siiT-f^ne as^ * - .*Vi r 1fsi ire # - 
upon which, the light from the pattern ±o incident 
/, yubbequeuL Lu Llie first reflective surface, IMS is an 
■■■■I interval between the object surface and a reflective 
10 surface closest to the object,; surface, and LW'is an, ■ 
, interval between: a rear surface of a final reflective 
surface in said catoptric projection optical vysLtsm and 
\ a reflective surfare rln<5A$t to the fetkr stir face at the 
final reflective surface. t ^ " - 



15. 



31. an exposure apparatus comprising: 



. ■[ ■ , ' H an ^illuj^nition , : - opt icfal '• sys't ete;' : f 6r/ ; ' 'yr^r [■ : M y: S : J £ 
illuminating a pattern of a maak with /light; from a 
1 ight /source ;, : and " ; ;.' • . -•: •' ;^H.V. \ ' : J%a.^^'^\' : , 

a catoptric projection optical system- for: 
projecting- a reduced size of a pattern on an object 
surface onto an image surface, , said catoptric^ A 
projection optical system \ comprising six wiirrcrs that 
include, from the object s surf^ca to thW imarjW 6tirf£o£> 
25 a fij?3t mirror; a second mirror, a £nirci mirjsb^, a :V-> 0 



•7. 



rpux-.Ui iiiirrur/ d £if Lli iuij.x.0r , and a sixth mirror i^ " ^ 

:-'> r order of reflections of lxgrit, wherein the tirst mirror ' - 



V 
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• has k convex or, plane shape,, and wherein ah. - \ ' 
.Intjertnediatie image is £ drifted, txpm the second mix 
the fourth mirroif oh an optical path. 

5 ; :\v ^-32 : a devi.ee 

steps of :: . : r, • \ >. . •• ." • \ ■' 

-V-;" exposing ah object using ah exposure 

" ; appaxraj^uyy aud - •'. • . ^ •. u • J : > .;</ s 

V- deva r^i tig the^ object/ that :has be^h exposed ^ ../.-. 
10 ' : wherein s aid exposure ? apparatus^ include a r . / 

.y° an illiomihatiph optical jsystem :f pr " ; r - 

. illupainarihg a pattern of ,a mask with liqhr f irprn ^ v ' v>;. 
light source;; £ind ' •;• \l; :. \. 

a catoptric projoction optical system; for 
15 pro jecitiixq a reduced aize <jt a pattern ^>u ah olijeCA; ^ 
surt ace onto ah image surface, said catoptric 
projection optical system comprising six mirrors thafc . 
include/ from the object surface to the image surface, 
, a first mirror/ a second mirror, a third mirrrpr , a 
'MY . fourth m.1 rror, a firth mirror, and a sixth mirror in 

• otddr of reflections o£ light/ wherein the firet mirror 
has a convex or plane shape , and wherein an 
intermediate image is formed from the second mirror- to 
th£ fourth mirror on an optical path. - ; 

33.- Aii exposure apparatus compj^isiixy : 



: . 'Z ; - ; . XlluiiiiaaLioa op Ucal . system 1 ; f or . ^ -s ' • ■ ; ' ^ ! ; ; r / \ .~ N 7 

,\ •■ lllpin^ting a; p^tterii o$ a xnask With ; 
7 v ' li^l>t : sp^ro©/ ; and ' : • ; ■ , -.: v >\ C- . - " \ : ■ 'v ■■!-",".>. 

a catoptric projection optical system for 
5 projecting a reduced size of a pattern on an obp ect 

surface onto an image surface, said catoptric V ; % -• J 

projection optical a y 3 1 em compr i s in g six, mirrors that 
v -include/ from Lhe objeuL ^ui. face La LUe lutctq e a ur fade > " _ ; . .„ 

a tirst convex or plane mirror, a -second rairror, a ^ i v ) \ 

10 ' third convex or. plane mirror, a fourth mirror, a fifth" 

mirror^ and a ^ixth mirror in order of reflfections Of % ~ " • 

liqttt, wherein an intermediate imaqe is formed from the 
second murrnr to the third mirror on art optical path* 



15 34,'- A d«vige fabi. lea Liny xu^LliuU ooutpxlsihq th^ - 



steps of: 



exposing an object using an exposure 



v? ^apparat^is/ arid \V > ;> r - . * ' * ' , * "v • ! ^ : ' '/ 

r deyeloplna fehe obi ect that has- been exposed, f 
20 /■ wherein said exposure apparatus Includes: ; • : 1 , *\^V,'/l £ 

>, an illumination optical system for - t " 

illuminating^ a pattern of a mask with light from a */- { ■ 
light source ; and 



a catoptric projection optical system for 



:> 25 projecting a reduced size of x a pattern ob an object f - A .. 

^ buiidufcj uxiCo air image suxXaee, said Cat Op Lric " . '•; 



projection opti ral syst.p.m compr i sing - s i * mirrors that v 



. ; S ■ ' ' • • . ^ ». .*" 7/" ■ ■ 



-luerude,;. rii^iii : Lli*d> ubjecL suiiiTace Lo Lhe ; image suilace/; 
a £ irs-c ' convex or plane wi±£vqr/ $ ■ -§ecohd :,ia±xr^tV:''^ a :V 
third convex: •or' plane mirror/' a ;;fourth a^ro^.:-*a ■ fifth 
mirror/ and a sixth mirror in. order of reflectiona of 
light, wherein an intermedial^ image is tdrmecl 'iirpm; 1 t-h^' 
second mirror to trh** thi rd t*m1 rror on ^n opt i ci* 1 path 
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